The aim of this study was to collect information on the global distribution of the prevalence of bovine viral diarrhoea virus (BVDV) and respective mitigation programmes, using a questionnaire and literature review to provide as complete a picture of the worldwide BVDV situation as possible. This study collated information on 107 countries with respect to mitigation activities and 88 countries regarding BVDV infections during the observation period . A heterogeneous epidemiological situation for both BVDV prevalence and the presence of mitigation programmes was observed. The results of this analysis could be used to increase the visibility of the distribution of BVDV, to provide supporting data for global animal disease databases and to assist veterinary public health authorities in the decision-making processes to establish mitigation activities.
The pestivirus, bovine viral diarrhoea virus (BVDV), is found worldwide and has a significant economic impact, both directly via production losses, 1 2 and indirectly via the cost of control and eradication programmes. [3] [4] [5] Mitigation programmes are complicated by the presence of persistently infected (PI) animals, which continually excrete virus and are a permanent source of virus transmission. The immune system of PI animals recognises the BVD virus as 'self' and does not produce antibodies against this pathogen. 6 This means that routine antibody testing is generally not suitable for BVD mitigation programmes and repeated antigen testing must be carried out to determine which animals are persistently and which only transiently infected (TI). Animals which test positive for BVDV antibodies (AB) have either been naturally infected with the virus, have been exposed to AB via the consumption of colostrum or have been vaccinated.
The current analysis builds on that started by Scharnböck and others 7 with the addition of data provided by Chief Veterinary Officers (CVOs), OIE representatives and research institutions, as well as an extended literature review. The aim of this study was to collect information on the global distribution of BVDV infections (ie, PI, viraemic infected (VI) (VI including both PI and TI) and AB) and implemented mitigation programmes (ie, (i) surveillance activities intending to demonstrate the absence/presence of BVDV, or (ii) control (aiming to reduce BVDV prevalence) and/or eradication (aiming to provide a continued absence of BVDV) programmes). 8 9 This was done by means of a questionnaire (see online supplementary material) and literature review. The questionnaire was designed to collect information on BVDV mitigation programmes and any available BVDV prevalences in the global cattle population. In addition to CVOs, OIE delegates and research institutions dealing with BVDV were invited to answer the questionnaire. The questionnaire was sent by email to 167 countries to one of the three participant groups (the current responsible persons of BVDV control such as delegates of the countries were identified by the OIE member list http://www. oie. int/ about-us/ our-members/ delegates-new/ (assessed 2 All the identified studies were screened according to the different types of mitigation activities applied, the use of BVDV vaccine, BVDV prevalences (ie, PI, VI, AB), age of sampled animals, production system, clinical symptoms, diagnostic methods and sampling material. The most recently published information about the mitigation activities in the different countries was used in the presented study (figure 1; see online supplementary (42 per cent) of these 50 countries provided information about mitigation activities that were not covered by the published literature, 29 countries (58 per cent) reported activities in response to the questionnaire that were also published, and the activities of 57 of the countries included were only represented in the literature (see online supplementary figure S1). This study provided information on 107 countries with respect to mitigation activities and represented 59% of the OIE delegate countries (n=182) and 42 per cent of the worldwide countries and islands (n=253; including dependencies). An overview of the implemented mitigation activities per country is provided in figure 1 and online supplementary table S1. Information on the use of BVDV vaccine was provided or identified for 60 countries (see online supplementary table S1). In over half of these countries (n=37; 61 per cent), vaccination was permitted. BVDV infections were identified in 88 (35 per cent) countries and islands, of which 27 countries provided information via the questionnaire. More than 85 per cent of the relevant studies provided non-national BVD prevalences. The majority of BVDV infections were determined by the detection of AB (55 per cent), followed by PI (44 per cent) at animal and herd level. The presence of BVDV infection worldwide is shown in figure 2 and a detailed overview of the BVDV prevalences and the covariate information, such as applied diagnostic methods, are provided in online supplementary tables S2 and S3. By location, the mean AB prevalence at herd level and PI/VI prevalence at animal level varies between previously (before 2008) and recently (after 2008) published data (table 1) . It is important to note that BVDV infection data by country can be influenced by many factors 10 such as animal imports, cattle markets, closed herds, reporting of apparent and true prevalences and distinguishing between incidence and prevalences in the analysed studies. 7 In contrast to work global BVDV prevalences recently published by Scharnböck and others, 7 the presented study provided detailed information on BVDV mitigation activities worldwide. Additionally, the authors attempted to gather as much information as possible on the worldwide BVDV infection situation by extending the literature review with a questionnaire sent to CVOs and OIE delegates. This led to the inclusion of data on BVD prevalences from 15 more countries and 34 more studies than in the previous work by Scharnböck and others. 7 According to Evans and others, 11 there are currently no formal reporting requirements for BVDV at a global level. Thus, this study provides data on global mitigation activities and a detailed temporal and spatial overview of PI, VI and AB prevalences, with covariate information such as age of sample animals/herds, in contrast to the data available in the OIE database (http://www. oie. int/ wahis_ 2/ public/ wahid. php/ Diseaseinformation/ Dise ased istr ibut ionmap (assessed 3 Dec 2018), http://www. oie. int/ wahis_ 2/ public/ wahid. php/ Diseasecontrol/ controlmeasuresmap (assessed 3 Dec 2018)), which only records the presence or absence of BVDV per country. Comparing the presented BVDV results with available economic overviews of BVDV production losses 2 and expenditures of mitigation measures 3 4 revealed that more epidemiological data are available to countries regarding BVDV infections and implemented mitigation measures than economic data. 2-4 11 This indicates that the economics of losses caused by BVDV infection and the costs of programmes to control the disease are comparatively understudied and further research in this area is vital to support decision making in BVDV control policy. However, a heterogeneous epidemiological situation for both BVDV prevalence and the presence of mitigation programmes was observed. The results of this analysis could be used to increase the visibility of the distribution of BVDV, to provide supporting data for global animal disease databases and to assist veterinary public health authorities in the decision-making processes to establish mitigation activities.
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